INTRODUCTION
This paper addresses the evaluation of healthcare software from a usability perspective. Shackel 1 defines usability as "the capability to be used by human~ easily and effectively." This concept differs from functionality, which is "the capability in machine functional terms to fulfill the specified range of tasks within the specified range of environmental scenarios." While a software package might be quite functional, in that it can perform desired tasks, the manner in which it performs these tasks may be cumbersome and confusing--that is, the system may not be usable. As software packages in the healthcare field have proliferated, usability issues have become critical in the evaluation of alternative systems.
Healthcare facilities are purchasing more and more predesigned or packaged software systems. 2'3 At the same time, the number of vendors from which systems can be purchased is also increasing. While much has been written on the design and selection of healthcare software, 4-14 the guidelines and recommendations previously provided are too general to be of practical use. In addition, the focus of many existing guidelines is on the technical and functional aspects of systems, rather than on system usability. As a result, healthcare managers are generally unfamiliar with usability concepts and may have difficulty identifying usability differences between systems, even when these differences are significant. 15 Because a system's usability can have a significant impact on overall system effectiveness, it is important that purchasers of healthcare information systems understand usability concepts, as well as understand how these concepts should actually be integrated into software packages.
This paper provides a framework for evaluating altemative healthcare software systems from a usability perspective. Included for each category of this framework are specific criteria which can be used in the selection process. Some of these criteria should be included in a Request for Proposal (RFP), while others are more easily addressed during an actual system demonstration. The application of the criteria presented in this paper should result in the selection of systems which enable users to perform required functions more easily and effectively.
DESCRIPTION OF USABILITY FRAMEWORK
The usability issues presented in this paper were gathered from the healthcare software literature as well as the general literature on software usability and evaluation. While the issues presented here are not new, the framework used to categorize these issues is new, and is believed to offer an improved manner in which to conceptualize usability.
To date, usability has not been addressed comprehensively in the healthcare software literature. The general software usability literature has, however, categorized the major usability issues in a variety of ways, ~6-18 as depicted in Table 1 . In addition to the three summarizations shown in Table 1 , various authors have written on particular usability The usability framework presented in this paper includes all of the issues just mentioned, but recategorizes them in the following manner: (1) Logical Organization of Procedures, (2) Screen Design for Data Entry, (3) Error Handling, (4) Data Retrieval/ Report Generation, (5) Learning/Help, (6) Consistency. The objectives in developing this framework were (1) to stress usability issues of particular importance in the system evaluation and selection process (e.g., error handling and data retrieval/report generation); and (2) to consolidate usability issues into categories more meaningful to healthcare managers.
The remaining sections of this paper describe each of the six categorization areas, and include a discussion of the treatment of each area in both the healthcare software and general software literature. In several instances, important usability issues are addressed minimally in both sets of literature, and these issues are hence addressed in more depth herein. In addition, specific evaluation criteria are presented in each section. It is recommended that these criteria be used by individuals responsible for evaluating alternative systems; the term "user" is employed (rather than "evaluator") in referring to these individuals throughout this paper, in order to emphasize the importance of evaluating a system from the perspective of one who will actually be using it.
LOGICAL ORGANIZATION OF PROCEDURES
The procedures for performing a task within a system should follow a logical organization that is meaningful to the user. A logical organization helps the user understand and predict the system's behavior, which not only reduces the time required to learn to use the system, but also increases the user's satisfaction with the system.
The healthcare software literature fails to discuss logical organization as a usability issue. In the general literature, Whiteside et al. 17 found that many of the problems users had with experimental systems were the result of not understanding the logic by which the system performed various tasks. The results of a study conducted by Badre 27 emphasized the importance of presenting information and tasks in a manner which is meaningful to the user. Consequently, he recommends that the user's information processing habits be studied and understood in order to design (or select) a usable system.
Evaluation Criteria. Several criteria should be used for evaluating a software system in terms of the logical organization of procedures. Frequently, an actual demonstration of the various system tasks is required for a satisfactory evaluation to be completed. One way to determine whether the manner in which a system performs a given function is meaningful to the user(s) is to compare the system's procedures with the current, manual procedures used for performing the function (in cases where the software system under evaluation is to replace a manual function). Because users are likely to be familiar and comfortable with the current, manual procedures, the extent to which the software system mimics these procedures will naturally facilitate the learning and acceptance of the new system.
It should be cautioned, however, that comparison of current procedures with a proposed system's procedures is only useful if it has been determined that the current procedures are the best method of performing the task in question. The procedures comprising each required task should be reviewed prior to automation to determine whether or not they should be altered to improve their efficiency and/or effectiveness. If such a review results in a decision to change current procedures, then the new procedures should, of course, be used as the basis for comparison against the manner or sequence in which tasks are performed by the proposed software.
The logic of a system's overall organization should also be reviewed. Vendors should be asked to provide a schematic representation, much like an organizational chart, of the relationship between the different menus within the system. The relationship between menus, and between submenus within each menu, should make sense to the user. In addition, the same functions should not be listed in more than one menu within a module, unless such redundancy is logically appropriate.
A third criterion which can be used in evaluating a system's organization is the manner in which the system helps the user understand the organization/sequence of procedures. A system should, for example, provide information to the user on procedures just performed, to help determine the procedures that should be performed next. For example, menu-driven systems usually require the user to step through several different menus in order to accomplish a particular task. The Whiteside et al. study 17 found that "in the menu interface, many users became so involved with maneuvering through the menu structure that by the time they had done this successfully, they forgot what the task was." Some systems provide "windowing" menus, which layer on top of each other as one progresses further into the menu structure. This feature makes it easy for the user to understand exactly where (s)he is in the task. 28
SCREEN DESIGN FOR DATA ENTRY
The presentation of information on the screen of the user's video display terminal (VDT) plays a significant role in the usability of a system. While some of the literature on healthcare software design and selection mentions the importance of screen displays for data entry, s'9 rarely is any further explanation provided as to what constitutes a good screen display. In the general software literature, the importance of the spacing and sectioning of items on a screen is discussed. Usually the liberal use of spacing and sectioning is preferred to a cluttered screen containing too much information. 16 It is also recommended that data entry screens support the user's initial or habitual response tendencies (i.e., screens should appear "natural" to the user), t7 Screen formats which closely resemble the hardcopy documents originally used to capture data (prior to implementation of the computer-based system), or which resemble the hardcopy documents from which data are being transcribed to the system, generally meet this criterion of "naturalness" of input screens.
Evaluation Criteria. In selecting a packaged software system, users may find that they have little say in designing the data entry screens to closely resemble their organization's documents. In such cases, users should look for data entry screens that are easy to read and that follow as closely as possible the organization's currently established sequence for recording/entering data. However, as healthcare software becomes increasingly sophisticated, users should look for "screen painting" features, where the user can design his/her own screen. A number of personal computer database packages available in the general market already have such features. 18,29
ERROR HANDLING
An important component to an effective information system is the detection of errors--in the procedures required to perform a task, as well as in the data entered into the system. The detection of errors is especially critical if the data are to be used and accepted as valid throughout an organization. The following discussion of error handling features in software systems is divided into three sections: (1) detection and correction of procedural errors; (2) detection and correction of errors during data entry; and (3) detection and correction of errors following data entry.
Procedural Errors
The healthcare software literature pays scant attention to the issue of procedural errors, while the general software literature gives more consideration to the subject. If a user makes a procedural error (e.g., enters the wrong syntax for a command or presses the wrong key), the error message provided by the system should provide sufficient information so that the user can understand the nature of the error and how to correct it. Irrelevant messages related to the internal workings of the software should not be displayed. If possible, examples of how to correct the problem should be provided. 17,24 Some systems may even attempt to correct the error. 16 
'1s
Evaluation Criteria. During vendor demonstrations or site visits, procedural errors should be demonstrated, so that the system's responses can be evaluated with respect to the standards described in the preceding paragraph.
Errors During Data Entry
Unlike many other usability issues, the issue of data edits, both during and after data entry, has been addressed in some detail in the healthcare software literature--perhaps because of the critical need for accurate data. Waters and Murphy 9 present seven different data validation tests that can be conducted by systems to ensure the accuracy of the data. Martin et al. 3° discuss specific data edits and cross-checks which are performed in a functioning Surgical Suite Management Information System.
In evaluating the data entry features of general database software, the general computing literature looks carefully at the power of the data error detection facilities. Systems that allow the user to specify a wide variety of editing criteria, including the type of data required by a field (e.g., text, numbers, dates, money, etc.), the format of the data, and valid data values, are ranked more highly than those systems which allow the user to specify more limited criteria. 16 '18 Evaluation Criteria. Vendors should provide a detailed list of the criteria against which the data for each field are checked. Clearly, the more fields on the list and the more specific the criteria, the better. In addition to these vendor-supplied edits, the users should be able to build---or modify over time--their own facility-specific edits.
When an error is made in data entry, the system should notify the user of the error in a clear, yet inoffensive, manner. A short beep or flashing of the field in question is effective. Once the system has notified the user of the error, it should provide an explanation of the nature of the error and of the possible means for correcting it. A list or description of valid entries is a possible effective response. If an error is detected, but the user is unable to identify the correct data, the system should allow the user to override the error correction facility and continue with data entry, rather than prevent the user from continuing. The system should subsequently produce a report which identifies those fields with missing or erroneous data (see "Evaluation Criteria" for next section).
Errors Following Data Entry
Certain data errors cannot be detected during data entry, but can be detected at a later time. Errors of this type are detected by comparing data between fields, records, or files/systems. For example, information systems which collect sequential time data on a series of tasks or activities can compare the data between fields, to ensure that the times are sequential. An example of a cross-check between records is to verify that only one record exists for a particular patient (when only one is allowed). Cross-checks between files/systems are also important for ensuring data validity and completeness. For example, for every case admitted through a hospital admissions system, a record should exist within the hospital billing system. A comprehensive information system consisting of multiple files or systems should include a comprehensive set of such cross-checks.
Evaluation Criteria. Vendors should be asked for a listing of all those fields which are cross-checked following the entry of all fields in a record, as well as following entry of all associated records. Included in the vendor list should be a description of the type of cross-check performed-~against other fields, records, or files/systems. In general, the greater the number of cross-checks, the more valid the data will be. As with edits during data entry, the ability of the users to define and update their own cross-edits is a highly desirable feature.
The reports which present the results of these cross-checks (sometimes referred to as "data control reports") are key to the ease with which corrections can be made. Since both the healthcare and general software literature provide little discussion of such reports, appropriate content is overviewed here.
Data control reports should present detailed information regarding: (1) any errors (including missing data) not corrected during the data entry edit-checking process; and (2) errors detected through the process of cross-checking between fields, records, or systems. These reports should include (1) any data necessary for locating associated hardcopy records; (2) record keys (so that the record can be retrieved and corrected); (3) designation of the field with the erroneous or missing data; (4) the erroneous data values; and (5) space for recording the correct data (to facilitate subsequent correction).
DATA RETRIEVAL AND REPORT GENERATION
An area of particular interest to hospital administrators is reporting. As information systems and their associated databases proliferate, the amount of data available to man-agement for decision-making purposes also proliferates. The ease with which management can obtain and understand these data is thus an important usability issue.* This issue consists of three major components: (1) standard system reports; (2) ad hoc query; and (3) ad hoc report generation. Each of these topics is discussed below.
Standard System Reports
Standard system reports are pre-programmed by the vendor and, flaerefore, do not need to be produced using the ad hoc data retrieval capability (discussed in the next section). These reports are advantageous for complex calculations, or when data from more than one data base are required. The retrieval of data for such reports can be difficult, even with a powerful data retrieval capability. Therefore, systems generally include a set of standard reports for which a program has already been written to perform the necessary calculations and data base operations. The user then needs only to issue a single command to initiate the data retrieval/report generation program.
Much of the healthcare software literature mentions the importance of report content and format in the design or selection of an information system4'6'7; few guidelines are provided, however, for evaluating the reports produced by different vendors. The general software literature has focused its attention on the ad hoc query capabilities of systems, rather than on the standard report capabilities. Since this issue has been addressed inadequately in both sets of literature, it is expanded upon here.
Evaluation Criteria. Perhaps the easiest way to evaluate a set of standard reports is to compare them with current reports that are prepared manually, if the current reports are widely used and accepted by hospital management. To the extent that the new information system will provide data which has been previously unavailable to hospital management, it would be worthwhile for management to design several key reports which they would like to receive on a recurring basis. These designs can then be compared against the vendors' standard reports to identify those vendors who come closest to providing the desired reports.
Well-designed reports are not cluttered; presenting too much information on one report can be overwhelming and confusing, and can detract from what is important. Reports should also be clearly labeled, including the title, column and row labels, identification of which records/time period are represented, and an explanation of how calculations were performed. Managers should review all of the vendors' standard reports for clarity. If managers cannot understand a report, it is not clearly conveying the necessary information.
Ad Hoe Data Retrieval
Ad hoc data retrieval refers to the capability to retrieve data on an "as needed" basis from the data base. Many reports cannot be pre-defined by the user and cannot, therefore, * Closely related to the issue of the retrieval and reporting of data is the comprehensiveness of the data within a system. To evaluate the extent to which a system contains the critical data required by management, an analysis of managers' information requirements should be performed. A technique chat has been effectively used in the design of executive information systems is the Critical Success Factor Methodology, described by Bullen and Rockart, 3I'32 and Thomas and Lowery) ~ be incorporated into a standard reporting capability. If the necessary data are in the data base, users should be able to retrieve the data, manipulate them, use them to perform the required calculations, and then display the results in a meaningful format. Most of the literature on healthcare software design and selection simply states that the data retrieval capability should be flexible, without offering an explanation of what constitutes flexibility. In contrast, the literature on general software usability issues has devoted considerable attention to the issue of data retrieval, particularly in the area of query languages. One of the major findings that has emerged from studies of query languages is that users should be allowed to employ their own natural strategies for querying. These strategies include specifying a series of simple queries, rather than a single, complex query. This can be effectively accomplished by selecting the various components (e.g., from a menu or in response to prompts) rather than by producing the entire query (as in writing a command). 16'2°-22 If a command structure is required, the user should be able to use ordinary English phrases, rather than more formal logic s tatements. 23, 24 "Query-by-Example" has been found to be an effective query methodology for many users. In this methodology the user creates the general structure of the table (s)he wishes to produce, then writes the selection criteria in the proper columns (representing fields in the database) of the table. In contrast, Standard Query Language (SQL), the emerging standard language for relational database management systems, 34 presents difficulties for most inexperienced database users because of the formal, logically precise nature of the commands. 35 Evaluation Criteria. In evaluating the usability of an ad hoc data retrieval capability, the vendor should be asked to demonstrate two different types of data retrieval: (1) record retrieval and (2) crosstabulation. In record retrieval, the user wishes to display or print certain fields of a subset of records in the database. The important components of record retrieval are (1) the designation of the fields that are to be displayed for each record selected, and (2) the designation of the record selection criteria.
In cross-tabulation, the system counts the number of occurrences of each unique value combination for the field categories specified. The important components of crosstabulation are (1) the designation of the field categories that are to be used in the tabulation; and (2) the designation of the statistical computations to be performed in addition to the tabulation of the data (e.g., average, standard deviation, minimum, maximum, and total).
The results of previous studies regarding query systems can serve as guidelines for the evaluation process. Specifically, a system which lets the user specify the selection criteria by entering them in a table under the appropriate fields (as in Query-by-Example), selecting them from a menu of possible criteria, or responding to interactive prompts, is easier to use than one which requires the user to specify the query as a statement or command.~ If a system does use menus or prompts to specify the selection criteria, the t While menus are generally easier for less experienced users, commands are faster for more experienced users.
Some software systems offer the capability to change the method of data retrieval (e.g., from menu-driven to command-based) in order to accommodate the more experienced user and increase the speed with which procedures are performed. Software with this capability is desirable if the system is to be used routinely by some people and infrequently by others.
system should display the cumulative results of each user action, in order that the user can determine whether the resultant query is the intended one. Whatever query technique is used, it should be consistent for both types of queries (record retrieval and cross tabulation). Finally, the system should allow the user to save the resultant query in order that it can be accessed and modified, if necessary, for future use.
Ad Hoc Report Generation
Once data are obtained through a system's data retrieval capability, reports presenting the data need to be generated. The report format in which data are presented plays a major role in contributing to the user's ability to understand the data. Because the usability of the resultant reports depends so much on the functionality of the system's report generation capability, the evaluation criteria for ad hoc report generation are actually functionality issues, and are discussed briefly below.
Evaluation Criteria. At a minimum a system should provide the capability for adding/editing titles, headers, and footnotes to the report, as well as performing other edits on the report (e.g., deleting sections, altering spacing, etc.). Users should be able to view the report, or part of it, before printing it, to ensure that the format is correct. Other desirable capabilities include specifying which fields are rows and which fields are columns; displaying subtotals for certain categories; selecting the order in which categories are presented (e.g., ascending or descending numerical, alphabetical); displaying time data in either hours or minutes; and determining the number of significant digits to be displayed.
LEARNING/HELP AIDS
Learning/help aids provide instructions on how to use a system, including instructions for such activities as entering data, retrieving data, editing records, maintaining dictionaries, etc. These aids can be in hard-copy form (usually referred to as "documentation") or on-line. A discussion of these two types of aids follows.
On-Line Help
The healthcare software literature has little to offer in terms of specific criteria to consider when evaluating on-line help features. The general computing software literature evaluates different systems on the extent to which a user can obtain help, and escape if necessary, at any point in the system's procedures.18'z9 Gaines and Shaw 19 recommend the capability to ask for help at two different levels. At the first level, instructional material should be available throughout all system procedures, to be accessed by the user through a simple, uniform mechanism. The material should be organized so that the user accesses brief memory aids first, but has further access to a second level of help, which provides more detailed explanations, if desired.
Evaluation Criteria. On-line help is especially desirable during data entry procedures, when the user may need a reminder of the possible valid entries for a field. For each data entry field, the user should be able to press a "help" key to display an explanation and/or listing of the possible valid entries.
In addition to providing help during data entry, a system should be able to respond to users' requests for assistance during other tasks. The method of requesting help should be consistent (e.g., use of the same function key) across tasks, and the on-line explanations should be self-explanatory. Users can evaluate the on-line help features of a system by requesting help at different points in a variety of tasks, then seeing whether the explanation provided is sufficient for completing the task at hand.
Documentation
The Hospital Software Book 4 provides one of the more detailed lists of criteria available in the healthcare software literature for evaluating user documentation, including the following issues: organization, modularity, prioritization, accessibility, succinctness, readability, comprehensiveness, timeliness, fit and finish, relevance, orientation, and convenience. The general computing software literature pays particular attention to documentation when evaluating alternative software packages. 18, 28, 29 Desirable characteristics of documentation include a consistent tone that is neither too simple nor too complex; easy-to-read reproductions of screens and reports; high quality presentation (e.g., type set); logical organization of material (which does not require the user to refer to different sections in the text to complete one task); and the existence of both a tutorial manual and a reference manual. Gaines and Shaw 19 also recommend that user manuals be based on actual user/system dialogue the use of the system should be illustrated with actual dialogue sequences that achieve specific objectives.
Rubinstein and Hersh emphasize the importance of using examples throughout the documentation. 16 Rather than explain in general terms how something is done, the documentation should present examples of actual menus or commands, possible user responses to the system, and the system's responses to the user. Examples are especially important for tasks such as data retrieval, where the same data can be retrieved in a variety of different ways. The number of possible queries which users can pose is virtually unlimited, thus making it impossible to explain how to formulate every possible query. However, multiple examples of different queries will help the user understand the underlying logic of the data retrieval function.
Evaluation Criteria. In addition to the above recommendations, most of the usability literature recommends that documentation include the following: an extensive index (in addition to the table of contents); headers (or footers) on each page, which describe the subject matter on that page; a data dictionary for every data base into which users enter or retrieve data; a description of all possible responses, and their consequences, to each question/menu item; and a listing/explanation of all possible error messages.
CONSISTENCY
The mechanisms for performing various tasks within a software system should be as consistent as possible across all tasks and modules. Consistency of procedures enables users to make predictions regarding system behavior, which, in turn, helps the user understand how to accomplish specific tasks. To the extent that a system is not consistent across tasks or modules, users will make erroneous assumptions and predictions that inevitably lead to mistakes and frustration. 16'a9 The healthcare software literature virtually ignores the issue of consistency, while the general software literature recognizes it as an important usability issue. The general computing software literature, in evaluating various software packages, tends to group this issue with other usability issues under the general evaluation criterion of "ease of use. ''as'29 Software packages with consistent procedures (e.g., use of function keys, movement through menus, menu layout and item selection, use of commands) are ranked higher than those lacking consistency. The Whiteside et al. study 17 of the effect of interface style on usability found that consistency in the use of function keys is positively related to usability, as is consistency in the use of syntax.
Ecaluation Criteria. To evaluate a software package's consistency, a demonstration of the system across multiple tasks, both within and between modules, is necessary. The user should look for consistency in the use of function keys (including HELP, ESCAPE, and ENTER keys), menu item selection, stepping through menus, and command syntax. The location of key pieces of information (e.g., menu descriptions, help information) on the display screen should be the same across tasks and modules. The method for entering and retrieving data, whether it is menu-driven, command-based, or responses to prompts, should also be the same across tasks and modules.
SUMMARY
Usability is a key concept in the evaluation of healthcare software. Non-usability issues, such as system capacity, interfacing capabilities, and vendor support services, are also important, but have not been discussed here. Most hospitals have an information systems department which can provide assistance in evaluating these areas. Usability issues, however, are often overlooked or not well understood by technically-oriented information systems staff. Managers and other users, if they do not have much experience with information systems, are also not likely to understand or identify the important usability issues without some specific guidelines. Given the importance of these issues in affecting overall user satisfaction with and acceptance of a system, and given the considerable variability in the manner in which vendors address these issues, improved guidelines for the evaluation of vendors on these issues are needed. This paper is intended to provide a set of such guidelines.
